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INTRODUCTION 

This paper descr ibes some experimental r e s u l t s  showing the  techn ica l  

f e a s i b i l i t y  o f  producing a low Btu gas (100-150 B tu /sc f )  from wastes 

us ing  molten s a l t  technology. The concept o f  molten s a l t  g a s i f i c a t i o n  

i s  described f i r s t  and i s  fo l lowed by a desc r ip t i on  o f  the  experimental 

apparatus. 

wastes a re  given. 

Then some r e s u l t s  o f  bench scale g a s i f i c a t i o n  t e s t s  o f  se lec ted  

The disposal  o f  waste x - ray  f i l m  i s  discussed. 

can be produced wi th  f i l m ,  a more impor tan t  ob jec t i ve  i s  t o  recover the 

s i l v e r  from the  f i l m .  Therefore, experiments t o  recover s i l v e r  as we l l  
as experiments producing low Btu gas a re  described. 

While low Btu gas 

The discussion o f  f i l m  t es ts  i s  fo l lowed by t e s t s  i n  which rubber 
t i r e s  and paper a re  gas i f i ed .  

Then, some t e s t s  on the  d isposa l  o f  n i t ropropane are  described. 

N02-containing compounds can be present i n  o the r  wastes and, s ince they 

a re  a source of n i t rogen  oxides emissions due t o  t h e i r  h igh  n i t rogen  
content, t e s t s  were c a r r i e d  ou t  t o  determine i f  such wastes could 
be disposed o f  w i t h  l o w  NOx emissions. 

Organic 

The experimental p b t i o n  o f  the  paper concludes w i t h  a desc r ip t i on  

o f  some g a s i f i c a t i o n  t e s t s  w i t h  sugar. 

we l l -charac ter ized  oxygen conta in ing  substance and has a composition t y p i c a l  

o f  many s o l i d  wastes. 

Sugar was tes ted  because i t  i s  a 
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A discussion o f  t h e  r e s u l t s ,  inc lud ing  a comparison o f  these r e s u l t s  

wi th  those o f  coal  and o i l  g a s i f i c a t i o n  us ing  the  same technology, 

concludes the paper. 

CONCEPT OF GASIFICATION OF WASTES WITH MOLTEN SALT 

Molten S a l t  G a s i f i c a t i o n  o f  wastes i s  a process which provides f o r  

t he  removal o f  p o l l u t a n t s  dur ing  an i n i t i a l  p a r t i a l  ox ida t i on  and gas- 

i f i c a t i o n  step fo l lowed by complete burning o f  'the c lean combustible gases 

i n  a secondary combustor. 

t he  disposal o f  wastes i s  a two-step process. 

Thus, the  Molten S a l t  Gas i f i ca t i on  Process f o r  

I n  the  f i r s t  step, shredded combustible waste and a i r  a re  cont inuously I 

int roduced beneath the surface o f  a sodium carbonate-containing me1 t a t  

about l,OOO°C. 
during combist ;o~ i s  f o rced  t o  pass t h r o u ~ h  the  m e l t ;  
such as HC1 (produced from ch lo r i na ted  organ ic  compounds) and H2S ( f rom 

organic s u l f u r  compounds) a re  neu t ra l i zed  and absorbed by the a1 ka l  i ne  
Na2C03. The ash in t roduced w i t h  the combustible waste i s  a lso  re ta ined  
i n  the  melt .  Any char from the f i x e d  carbon i s  completely ox id i zed  i n  

the  s a l t .  

s i g n i f i c a n t  amount o f  NOx t o  be formed by f i x a t i o n  o f  the  n i t rogen  i n  the 
a i r .  

i.e., l e s s  than the  amount o f  a i r  requ i red  t o  ox id i ze  the  waste completely 
t o  C02 and H20. 

and completely g a s i f i e d  i n  the molten s a l t  furnace. The gas generated has 

an e f fec t i ve  heat ing va lue  which depends upon the  o r i g i n a l  waste. 
approximately 150 Btu/scf have been obtained. 

The waste i s  added i n  such a manner t h a t  any gas formed 

Any a c i d i c  gases, 

The temperatures o f  g a s i f i c a t i o n  a r e  too low t o  permi t  a 

Gas i f i ca t i on  o f  the waste i s  accomplished by us ing  d e f i c i e n t  a i r ,  

Thus, i n  the f i r s t  step, the waste i s  p a r t i a l l y  ox id ized  

Values o f  

I n  the second step, t h i s  gas flows t o  a convent ional  gas - f i r ed  b o i l e r  

i n  which i t  i s  combusted w i t h  secondary a i r ,  producing steam. 

4 

As a poss ib le  op t ion ,  a sidestream o f  sodium carbonate me l t  can be 

withdrawn cont inuously from the  molten s a l t  furnace, quenched and processed 
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i n  an aqueous regenerat ion system which removes the  ash and inorgan ic  

combustion products re ta ined  i n  the me l t  and re tu rns  the regenerated 

sodium carbonate t o  the  molten s a l t  furnace. The ash must be removed t o  

preserve the  f l u i d i t y  o f  the me l t  a t  an ash concentrat ion o f  about 

20 weight %. 

p o i n t  t o  prevent complete conversion o f  the me l t  t o  the sa l t s ,  w i t h  an 

eventual l o s s  o f  the  ac id  pol lutant-removal  c a p a b i l i t y .  

The inorgan ic  combustion products must be removed a t  some 

This concept i s  the bas is  o f  t he  Molten S a l t  Coal G a s i f i c a t i o n  Process 

which i s  c u r r e n t l y  being developed by Atomics In te rna t i ona l .  

I n  the  molten s a l t  concept f o r  s i l v e r  recovery, the  f i l m  i s  g a s i f i e d  
i n  a Na2C03 me l t  i n  the same manner as o the r  combustible waste. 

from the  f i l m  forms a l i q u i d  metal pool which i s  d ra ined from the  bottom 
of the combustor t o  form metal ingo ts  w i t h  a p u r i t y  exceeding 99.9%. 

The s i l v e r  

EXPERIMENTAL 

Mater ia 1 s 

The waste x-ray f i l m  was analyzed and was found t o  conta in  i n  weight 

carbon, 53.2; hydrogen, 5.5; ash (which was e s s e n t i a l l y  s i l v e r ) ,  2.4; %: 
and the  oxygen (by d i f fe rence) ,  38.9. 

t h a t  the  f i l m  contained 2.3% s i l v e r .  

moisture conten t  of 2.8%. No chemical analyses were c a r r i e d  out, bu t  a 

t y p i c a l  composition f o r ' p i n e  wood on a d r y  basis i s :  carbon, 51.8; hydrogen, 

6.3; ash, 0.5; and oxygen, 41.3. 
The rubber was bu f f i ngs  from an automobile t i r e  t read. No chemical analyses 

were c a r r i e d  out. The ni t ropropane was p r a c t i c a l  grade obtained from 

Eastman. The sugar consisted of pure sucrose. The Na2C03 f o r  t he  s a l t  bath 
was techn ica l  grade ma te r ia l  obtained f r o m  Kerr McGee. 

D i r e c t  ana lys is  f o r  s i l v e r  showed 
The wood was p ine  sawdust w i t h  a 

The heat ing value i s  t y p i c a l l y  9,130 Btu. 

Bench-Scale Molten S a l t  G a s i f i e r  

A cross-sect ion view o f  the bench-scale molten s l a t  g a s i f i e r  i s  shown 

i n  Figure 1. Approximately 12 l b  o f  molten s a l t  a re  contained i n  a 6- in.  I D  
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and 30- in.  h igh alumina tube placed i n  a Type 321 s ta in less  s tee l  r e t a i n e r  

vessel. This s t a i n l e s s  s tee l  vessel, i n  tu rn ,  i s  contained i n  an 8- in.  

ID, four -heat ing  zone Marsha l l  furnace. 

8 in. i n  height, and t h e  temperature o f  each zone i s  con t ro l l ed  by an 

SCR c o n t r o l l e r .  

Barber-Colman c h a r t  recorder .  

The fou r  heat ing zones are each 

Furnace and reac to r  temperatures a r e  recorded by a 12-point  

So l ids ,  p u l v e r i z e d  when necessary i n  a No. 4 Wiley m i l l  t o  4 mm 
i n  p a r t i c l e  s ize,  a re  metered i n t o  the  1/2- in.  OD cen t ra l  tube o f  t h e  i n -  

j e c t o r  by  a screw feeder.  Rotat ion o f  the screw feeder i s  provided by 
a 0 t o  400 rpm Eberback Corporat ion Con-Torque s t i r r e r  motor. In t h e  

i n j e c t o r  the s o l i d s  a re  mixed w i t h  the a i r  being used f o r  g a s i f i c a t i o n ,  and 

t h i s  s o l i d s - a i r  m ix tu re  passes downward through the  center tube o f  the  
i n j e c t o r  and emerges i n t o  the 1-1/2-in. 
feed tube i s  ad jus ted  so t h a t  i t s  t i p  i s  -1/2 i n .  above the 

bottom o f  the 6- in.  diameter alumina reac tor  tube. Thus, t h e  s o l i d s - a i r  

m ix tu re  i s  forced t o  pass downward through the  feed tube, outward a t  i t s  
bottom end, and then upward through -6 in.  o f  s a l t  i n  the  annulus between 

t h e  1-1/2-in. and the  6 - in .  alumina tubes. I n  the case o f  l i q u i d s ,  a 

d i f f e r e n t  feed system i s  used. 

pump and i s  sprayed i n t o  the  alumina feed tube. 

I D  alumina feed tube. Th is  alumina 

The l i q u i d  i s  pumped w i t h  a l abo ra to ry  

I n  order t o  p revent  the  me l t  temperature from r i s i n g  when an excessive 

amount o f  heat i s  re leased t o  t h e  melt, a coo l i ng  system (no t  shown i n  
Figure  1) cooled by a i r ,  maintained a constant temperature. I t  cons is ts  

o f  an e igh t -ho le  a i r  d i s t r i b u t i o n  r i ng ,  mounted underneath the  s ta in less  

s tee l  ceramic ' tube r e t a i n e r  vessel. A i r  a t  r a t e s  up t o  18 cfm can be 
passed upward between t h e  ou te r  surface o f  the  r e t a i n e r  vessel and t h e  

furnace wa l l .  

O f f  Gas Analyses 

Samples o f  t he  e x i t  gas, f o r  ana lys is  by gas chromatography, a re  taken 

w i t h  1-mP gas t i gh t  sy r inges  downstream o f  the C02 analyzer.  Two gas samples 
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are  taken a t  the same time. 

oxygen, and ni t rogen, us ing  a molecular s ieve  13X column a t  room temperature. 
The o ther  sample i s  analyzed f o r  carbon dioxide, methane, ethane, ethylene, 

s u l f u r  d ioxide, and hydrogen su l f i de ,  us ing  a Poropak Q column a t  130°C 

(266OF). 

the  of f -gas. 

Chemiluminescent NOx Analyzer. 

determinat ions are  made w i t h  Olson-Horiba, Inc.  un i t s .  (Mexa-300 carbon 

monoxide and Mexa-PO0 carbon d iox ide  analyzers,. respec t ive ly .  ) 
ana lys is  data a re  repor ted  on a d ry  basis.  

One sample i s  analyzed f o r  carbon monoxide, 

Often, continuous measurements o f  NO,, CO, and C02, are taken of 

The NOx analyses are made w i t h  a Thermo E lec t ron  Corporat ion 

The carbon monoxide and carbon d iox ide  

A1 1 gas 

The g a s i f i c a t i o n  steady s ta te  r e s u l t s  f o r  f i l m ,  wood, rubber, and 

ni t ropropane are  shown i n  Table 1. 

Table 2. 
The r e s u l t s  f o r  sucrose are  shown i n  

F i lm  

Two ser ies  o f  t e s t s  were c a r r i e d  ou t  w i t h  waste x-ray f i l m .  The 

purpose o f  the f i r s t  t e s t  (No. 1) was t o  show t h a t  pure elemental s i l v e r  

could indeed be recovered under g a s i f i c a t i o n  cond i t ions  a t t a i n a b l e  i n  the  

Atomics In te rna t i oFa l  p i l o t  p l a n t  which i s  capable o f  ,gas i fy ing  about 

200 lbs /h r  o f  coal  and waste. 

value (HHV) o f  100 B t u l s c f  was obtained. I n  t h i s  bench sca le  tes t ,  1 5  l b s  

o f  f i l m  were burned. A f t e r  the  tes t ,  the me l t  was cooled u n t i l  the  s i l v e r  

s o l i d i f i e d  ( A b r i g h t  p e l l e t  o f  l us t rous  s i l v e r  metal having a 

weight o f  0.34 l b s  was recovered. Th is  corresponds t o  98.6% o f  the s i l v e r  

i n  the f i l m  feed. Because o f  the successful r e s u l t s  o f  t h i s  bench scale 
tes ts ,  a t e s t  t o  recover f i l m  from 20,000 l b s  o f  waste x-ray f i l m  i s  

planned f o r  the  near fu tu re .  ( A  s i l v e r  recovery t e s t  i n  the  Atomics 

I n t e r n a t i o n a l ' s  p i l o t  p l a n t  has been c a r r i e d  ou t  i n  which 15,000 l b s  o f  

waste x-ray f i l m  were burned under excess a i r  cond i t ions  a t  a r a t e  o f  

100 lbs /h r .  

s i l v e r  metal i ngo t  weighing 230 l b s  w i t h  99.9% p u r i t y  was recovered.) 

A combustible gas w i t h  a h igher  heat ing 

960OC). 

I n  t h a t  t es t ,  which was ca r r i ed  out f o r  the Navy, a s i n g l e  
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I n  tes t  No. 2, t h e  g a s i f i c a t i o n  was c a r r i e d  ou t  under more reducing 

cond i t ions  (22% t h e o r e t i c a l  a i r ) .  

con ten t  was obtained (179 B tu /sc f ) .  Elemental s i l v e r  was recovered from 

t h i s  t e s t  a l so  b u t  t h e  y i e l d  was no t  determined. 

This t ime a gas w i t h  a much higher heat 

Wood 

Gas i f i ca t i on  o f  the  p ine  wood was c a r r i e d  o u t  w i t h  30% theore t i ca l  

Again, a gas w i t h  a h igh  heat content (181 Btu /sc f )  was obtained. a i r .  

The H2 content was somewhat h igher  and the  CH4 conten t  somewhat lower than 

was obtained w i t h  the  f i l m  a t  22% theore t i ca l  a i r .  However, i t  i s  not 

c l e a r  whether t h i s  d i f f e r e n c e  i s  r e a l .  

Rubber 

Two tes ts  were c a r r i e d  ou t  w i t h  rubber f r o m  a rubber t i r e .  Since 
the  t i r e  contained organic su i fu r  which would form Na2S i n  the melt ,  the 

Na2C03 melt  o r i g i n a l l y  contained 6 w t  % Na2S t o  s imulate steady s ta te  

condi t ions.  Sodium s u l f i d e  was a l so  added because i t  has been es tab l i shed 
a t  Atomics In te rna iona l  and o ther  l abo ra to r ies  t h a t  Na2S i s  a c a t a l y s t  

i n  acce le ra t i ng  the  g a s i f i c a t i o n  o f  char i n  molten Na2C03. 
was c a r r i e d  ou t  w i t h  33% t h e o r e t i c a l  a i r .  The r e s u l t s  i n  Table 1 are an 

The g a s i f i c a t i o n  

average o f  t he  t w o  t es ts .  

The C02 content o f  t h i s  gas was considerably lower than t h a t  from the 

oxygen-containing wastes and i s  more s i m i l a r  t o  t h a t  obtained when coal 

o r  o i l  i s  gas i f ied .  I n  s p i t e  o f  t he  l a r g e  amounts o f  Na2S i n  the melt, 

no H2S o r  o ther  su l fu r - con ta in ing  gases (<30 ppm) were detected i n  the 

o f f  gas. 

A gas w i t h  an HHV o f  156 Btu /sc f  was obtained. 

N i  tropropane 

Organic NO2-containing compounds may we l l  be present i n  small amounts 

i n  wastes which are  being g a s i f i e d  f o r  producing f u e l .  Th is  type o f  compound 

b 
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can e m i t  a g rea t  deal  o f  NO,. 
determine i f  i t  would be poss ib le  t o  minimize the  NOx emissions du r ing  

gas i f i ca t i on .  

w i t h  d i f f e r e n t  add i t i ves .  
cond i t ions  and w i t h  a s p e c i f i c  add i t i ve ,  i t  was poss ib le  t o  combust n i t r o -  

propane and produce a product gas conta in ing  on ly  6 ppm NO,. 

t h a t  the  presence of organic N02-containing wastes w i l l  no t  c o n t r i b u t e  
much NOx under gas i f y ing  cond i t ions .  

from the  tes ts  i s  shown i n  Table 1. 

I n  these tes ts ,  n i t ropropane was used t o  

A ser ies  o f  t e s t s  was run  under vary ing  cond i t ions  and 
I t was determined t h a t  under c e r t a i n  process 

It thus appears 

The composition o f  a t y p i c a l  o f f  gas 

~ Sucrose 

The g a s i f i c a t i o n  o f  sucrose i n  pure Na2C03 was s tud ied  a t  f o u r  d i f f e r e n t  

s to ich iomet r ies .  

(2.5 scfm) corresponded t o  an a i r  s u p e r f i c i a l  v e l o c i t y  i n  the  g a s i f i e r  

o f  1 f t / sec .  As expected, the  heat ing  value o f  the  gas increased as the 

percent t h e o r e t i c a l  a i r  decreased. However, when the  a i r / f u e l  r a t i o  was 

too  low, i n s u f f i c i e n t  heat  w is  re leased t o  the me l t  and a u x i l i a r y  heat ing  
was required. 

a i r  was used. 

me l t  temperature. 
was released t o  the  me l t  so t h a t  the  furnace could be turned o f f .  

a i r ,  excess heat  was generated and had t o  be removed by the  coo le r .  

r e l a t i v e l y  sho r t  experimental runs  (-I hour) d i d  n o t  permi t  a d e f i n i t e  
conclusion as t o  what minimum percent o f  t heo re t i ca l  a i r  cou ld  be used 

i n  t h i s  system and s t i l l  ma in ta in  me l t  temperature w i thou t  a u x i l i a r y  

(furnace) heat. 
a molten s t a t e  a t  l e a s t  a t  35% o f  t h e o r e t i c a l  a i r  a t  which l e v e l  a com- 

b u s t i b l e  gas w i t h  an HHV o f  154 B tu /sc f  was being generated. 

The m e l t  temperature was about 95OoC. The a i r  feed r a t e  

Th is  was the  case w i th  the  t e s t  i n  which 18% t h e o r e t i c a l  

The furnace was tu rned on du r ing  the t e s t  t o  ma in ta in  the  

However, a t  35 and 52% theo re t i ca l  a i r ,  s u f f i c i e n t  heat 
A t  72% 

The 
- 

I t  appears, however, t h a t  the s a l t  could be maintained i n  

A t e s t  i n  which the a i r  s u p e r f i c i a l  v e l o c i t y  was reduced t o  1/2 f t / sec  

y ie lded  an off-gas v i r t u a l l y  unchanged i n  composition t o  t h a t  when t h e  

v e l o c i t y  was 1 f t / sec .  Th is  suggests t h a t  residence t ime i n  the m e l t  i s  

n o t  an important f ac to r .  
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It i s  o f  i n t e r e s t  t o  compare the heat ing  value o f  a gas produced 

from a mater ia l  con ta in ing  a g rea t  deal o f  combined oxygen w i t h  t h a t  pro- 

duced from a convent ional  fuel  such as coal and f u e l  o i l .  A comparison 

o f  the heat ing values o f  gases produced by the  oxygenated compounds which 

con ta in  40-50 w t  % oxygen, by Kentucky No. 9 coal  (7  w t  % oxygen), and 

by No. 6 fue l  o i l  ( e s s e n t i a l l y  no oxygen) us ing  the same molten s a l t  

technology i s  shown i n  Table 3. I t  can be seen t h a t  t he  d i f f e rence  i n  

heat ing  value o f  the  gas i s  r e l a t i v e l y  small i n  s p i t e  o f  the  l a r g e  
d i f f e rence  i n  Btu conten t  o f  t h e  combustible ma te r ia l  (12,000 B tu / l b  f o r  

the  coal and 19,000 8 t u / l b  f o r  the fue l  o i l  vs 7,000-9,000 B tu / l b  f o r  

t he  oxygenated m a t e r i a l ) .  The small d i f f e r e n c e  i n  heat content o f  t he  

gases probably i s  due i n  p a r t  t o  the  f a c t  t h a t  a g rea t  deal o f  the 

oxygen i s  supp l ied  by the  fuel  and t h i s  combined oxygen i s  n o t  d i l u t e d  

w i t h  atmospheric n i t rogen.  

gas were 59% i n  t h e  case o f  f u e l  o i l  a t  20% t h e o r e t i c a l  a i r  and on ly  34% 
i n  the  case o f  sucrose a t  18% t h e o r e t i c a l  a i r .  

To i l l u s t r a t e ,  t he  n i t rogen  contents o f  t he  o f f  

It has been shown tha t ,  as expected, the  Btu conten t  o f  t h e  o f f -gas  
increases as the  percent  o f  t heo re t i ca l  a i r  decreases. However, as was 

a l s o  shown ( i n  t e s t  No. 6), there  i s  a p r a c t i c a l  upper l i m i t  on the gas 

heat  content which can be obtained. Above th i s .upper  l i m i t ,  there  w i l l  
n o t  be enough heat  re leased t o  the  mel t  t o  sus ta in  the  opera t ing  temper- 

a tu re .  

process a i r  and by decreasing the  heat losses i n  the  g a s i f i e r  w i t h  improved 
i n s u l a t i o n .  

This upper l i m i t  can be increased somewhat by us ing  preheated 

The maximum waste throughput i s  a l s o  governed by the  maximum super- 

f i c i a l  v e l o c i t y  o f  the gas through the melt .  
s u p e r f i c i a l  v e l o c i t y  o f  t he  i n l e t  a i r  has been s e t  a t  2 f t / sec .  

corresponds t o  a someuhat h igher  v e l o c i t y  o f  t he  produc t  gas, depending on 

t h e  f rac t i on  of t o t a l  oxygen which i s  combined oxygen and on t h e  composition 

of the  off-gas.) Beyond t h i s  v e l o c i t y  o f  2 f t / sec ,  entrainment o f  t he  

m e l t  becomes excessive. 

waste throughput can be s i g n i f i c a n t l y  increased s ince  a t  a a g iven a i r  

Super f i c i a l  ve loc i t y ,  t he  waste throughput w i l l  be p ropor t i ona l  t o  t h e  
pressure. 

I n  general, the  maximum 

(Th is  

However, by opera t ing  a t  e levated pressures, the 
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No su l fu r - con ta in ing  p o l l u t a n t s  were observed i n  the  o f f -gas  when 
rubber was gas i f ied .  

i n  a l l  t e s t s  i n  which t h a t  type  o f  ma te r ia l  was t rea ted  i n  Na2C03 mel ts  

w i t h  excess a i r ,  there  was no t race  o f  HC1 even when the  Na2C03 content 

was as low as 5 w t  %. 
obtained i f  d e f i c i e n t  a i r  were used. 

While ch lo r ine-conta in ing  ma te r ia l  was n o t  gasi f ied,  

It i s  expected t h a t  the  same r e s u l t s  would be 

The r e s u l t s  descr ibed i n  t h i s  paper show t h a t  the g a s i f i c a t i o n  of 
wastes i n  molten s a l t s  t o  produce a low Btu gas i s  t echn ica l l y  f eas ib le .  

However, an engineer ing eva lua t ion  lead ing  t o  the  economics o f  molten 

s a l t  g a s i f i c a t i o n  o f  the  var ious wastes has no t  been done and would be 

necessary before i t  can be es tab l i shed i f  t h i s  process i s  a p r a c t i c a l  
one. 

81 



a2 

h 

V 
N No1 ,-I- . . . . =  
o r ( o + z  

h d 4 O  

, - I - = I 4 a m  
, - I d W , - I  

. . . .  

O O O r n O  

b N 4 4 N  

m m ? w m  . .  . .  

a c 

0 
m a 

0 
= 
U c iu 

0 V 

0 c, 

N 

N 



83 

m m e P I .  . . .  
U N M O  

m m m m  
W a N m  
N - I M  

. . . .  

V I 0 4 0  
m m m o  
M + + N  

. . . .  

0, 
E '  
v u  V I E  

m m 
N O  

V VI 

m o  
3 -  

. N  

I 



TABLE ‘3 

A Comparison o f  the  Heating Value o f  Gas 
Produced from Sucrose and from Coal 

OXYGENATED MATERIAL CONVENTIONAL FUELS 

% Theor. HHV 
Ma te r ia l  A i r  B tu /sc f  --- 

4: Theor. HHV 
Fuel A i r  Btu/scf  

Sucrose 18 216 Fuel O i l a  20 191 

F i l m  22 179 Fuel O i l  27 155 

Wood 30 181 Coal 35 151 

Sucrose 35 154 Coal 40 138 

F i l m  51 107 Coal 50 118 

Sucrose 53 91  Coal 70 36 
Sucrose 72 37 

b 

(a) ?he f u e l  oi l  was a No. 6 o i l .  
5%; ash, 0.007%; s u l f u r ,  0.3%, hydrogen 13%. 

(b)  The coal was Kentucky No. 9 seam coal. 
on a d ry  bas is  was i n  weight %; ash, 16.4; v o l a t i l e  matter,  37.6; 
f i x e d  carbon, 46.0; and s u l f u r ,  4.5. The u l t i m a t e  ana lys is  on a 
d ry  basis was: carbon, 66.3; hydrogen, 4.6; n i t rogen,  1.4; 
su l fu r ,  4.5; ash, 16.4; and oxygen (by d i f f e rence ) ,  6.9. 

I t  was A P I  g r a v i t y  18, carbon residue, 

The proximate ana lys is  

a4 
I 

I 

r ’ l  

jca/gdd: 12 
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Figure 1. Bench Scale Molten Salt Gasifier Schematic 
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